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ABSTRACT 
Concrete bridge is widely used in highway infrastructure in China, especially in short and medium span bridges. 
Concrete bridges are prone to fatigue failure under the coupled actions of repeated vehicles loads, environment 
and material degradation. In recent years, the traffic volume and vehicle weights of highway bridges have been 
continuously increasing, so concrete bridge fatigue problem becomes more serious. This paper introduces 
advanced fatigue safety monitoring techniques and fatigue performance assessment methods for short and 
medium span concrete girder bridges. Weigh-in-motion (WIM) system was used to record the real traffic 
volume, and then the acquired load spectrum was applied on typical concrete bridges through Matlab to analyze 
the fatigue performance of different bridge types. From the analysis results, several typical short and medium 
span concrete girder bridges are selected to conduct long-term service monitoring. The cross section types 
include hollow slab girder, T-girder and short box girder, and the structure types contain simple supported 
bridge and continuous girder bridge. WIM technique, dynamic strain monitoring technique and acoustic 
emission technique are used to monitor the key details. Fatigue performance is assessed and analyzed based on 
monitoring data, considering traffic increase, overload and corrosion factors.  
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INTRODUCTION 
In recent years, as the traffic volume and vehicle weights of highway bridges are continuously increasing in 
China, concrete bridges are subject to serious fatigue problems (Wang et al. 2010, Wang et al. 2012, Wang et al. 
2013a). With service life increasing, concrete material aging and mechanical behavior deterioration will appear 
gradually, as shown in Figures 1. Affected by service environment and traffic effect, fatigue damage of 
reinforced concrete (RC) bridges could become prominent after years’ in-service. The initiation and 
accumulation of fatigue damage will lead to rebar fatigue and fracture failure.  
Figure 1 Corrosion and damage in concrete girder bridges 
Fatigue and fracture study of concrete bridge was carried out in America and Europe 60 years ago. Oh studied 
cumulative damage theory of concrete structures under variable-amplitude fatigue loading (Oh 1991). Tilly 
studied the reduction coefficient of fatigue strength of rebar in different corrosion levels, which was used to 
evaluate durability and remaining life of concrete bridges (Tilly 1988). Based on fatigue failure mechanism of 
concrete bridges, fatigue life assessment approaches using S-N curves and fracture mechanics were proposed by 
Schläfli and Brühwiler to evaluate the fatigue safety of highway and railway bridges in Swiss (Schläfli & 
Brühwiler 1998). In China, researchers began to pay attention to fatigue problems in concrete bridges in recent 
years when many concrete bridges are suffered from several diseases and the service performance cannot be 
guaranteed.  Technique fusion of Weigh-In-Motion (WIM), dynamic strain monitoring and acoustic emission 
301
was adopted by Wang to monitor concrete girder bridges. Fatigue safety assessment methods based on S-N 
curves and fracture mechanics were developed to assess the service safety (Wang et al. 2013b). Zhu proposed a 
simplified numerical simulation method for the deterioration process of in-service reinforced concrete (RC) 
bridges and the reliability and availability of this method was verified by a simple supported RC girder bridge 
(Zhu 2012). Based on current research achievements, relevant design codes and specifications should be 
developed to guide engineering fatigue design and in-service maintenance. 
This paper introduces advanced fatigue safety monitoring techniques and fatigue performance assessment 
methods for short and medium span concrete girder bridges. Weigh-in-motion (WIM) system was used to record 
real traffic volume, and then the acquired load spectrum was applied on typical concrete bridges through Matlab 
to analyze the fatigue performance of different bridge types. From the analysis results, several typical short and 
medium span concrete girder bridges are selected to conduct long-term service monitoring. The cross section 
types include hollow slab girder, T-girder and short box girder, and the structure types contain simple supported 
bridge and continuous girder bridge. Fatigue performance is assessed and analyzed based on monitoring data, 
considering traffic increase, overload and corrosion factors.  
FATIGUE MONITORING TECHNIQUES AND ASSESSMENT METHODS 
Fatigue Safety Monitoring Techniques
WIM is an advanced weighing system which includes two piezoelectric sensors, one induction coil sensor and a 
data acquisition unit. A temperature sensor is set in pavement, which can acquire real temperature information 
to provide proper temperature compensation to the system. The controlling unit set beside the bridge is linked to 
the piezoelectric sensors and the induction coil. When vehicles pass the bridge, the induction coil picks up 
different responses, and the piezoelectric sensors send the information to the acquisition unit. Then the 
controlling unit can calculator the specific information of the passed vehicle and record the information. The 
system can record comprehensive information about the vehicles moving through, such as weight, speed, 
direction, axle number and so on.  
Fatigue damage of concrete girder bridge is caused by the coupled actions of environment, cyclic vehicle loads 
and material degradation. Long time continuous monitoring is a reliable way to study the structural response in a 
certain period, which is also a popular method to assess the fatigue performance for existing bridges. Fatigue 
stress monitoring can record the stress history of fatigue sensitive details, and the stress spectrum can be 
calculated by rain-flow method to assess the fatigue performance. In situ monitoring, strain gauges was attached 
on the concrete surface and the dynamic strain acquisition is controlled by computer through network cables.  
Fatigue Life Assessment by S-N Curve 
The hypothesis of the linear damage accumulation was derived by Miner, which was often referred to as the 
Palmgren-Miner rule (Miner 1945). It defined that 1D   indicated failure, where D  was the damage degree in 
material. This rule also assumed a linearly accumulative fatigue damage process. Namely in each stress range 
level iV ，the damage fraction iD  was linearly proportional to in , where in  was the number of cycles at iV  and 
iD  was the ratio of /i in N . iN  means the total number of cycles that would cause failure under that stress range 
level. The following linear damage accumulation rule is a sum of all the damage fractions for all stress range 
levels (Equation 1). 
i
i
i
nD D N  ¦ ¦  (1) 
According to the above analysis, damage accumulations of RC bridges were linearly calculated with the damage 
threshold value cD . Thus, the cumulative fatigue damage of RC bridge under fatigue loads for one year can be 
estimated as Equation 2. 
T
i
i
nD N ¦  (2) 
Where 
TD is the fatigue damage amount in the certain period T , in is the number of cycles at the stress range 
level iV'  in the certain period T , iN is the total number of cycles that would cause failure under the stress 
range level iV' . Then the bridge fatigue life Y  can be given as Equation 3. 
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Where cD  is the critical fatigue damage and it is defined as 1.0 when the fatigue failure will occur. 
 
Fatigue Life Assessment Based on Fracture Mechanics 
 
For steel reinforcement, fracture mechanics describes crack growth as a function of material parameters, crack 
size geometry and geometry of specimen. Fracture of rebar occurs, when the depth of crack reaches fra a  and 
the applied stress 0V is equal to the resistance of the remaining cross section. In a fatigue test with a constant 
stress range that stress corresponds to the superior stress level, thus 0 supV V . The brittle fracture and fracture by 
yielding are two existed fracture modes (Herwig 2008).  
 
In order to calculate the crack propagation, the initial flaw on a cylindrical steel bar is assumed as a semi-
circular crack, which has a depth of ia a . The plane, in which the semi-circular crack lies, is perpendicular to 
the steel axis. The stable crack growth from initial crack is assumed as follows (Figure 2). 
 
Crack tip
Initial flaw, a = ai
a = afr
r
 
Figure 2 The cross section of rebar with initial flaw and crack propagation 
 
Then the Paris Law given in Equation 4 is obtained by transformation. 
d
d
ma C KN  '
                                                                          (4) 
Where C and m are parameters based on the material.  
 
FATIGUE PERFORMANCE ANALYSIS FOR TYPICAL CONCRETE GIRGER BRIDGES 
 
Concrete Hollow Slab Girder Bridge 
 
Concrete hollow slab girder bridge is appropriate for the span length ranging from 4m to 25m. Four different 
span lengths were chosen to calculate the fatigue stress spectrums in this paper, the span length is 10m, 13m 
16m and 20m, respectively. In engineering application, several hollow slab girders are hinged together to form 
the bridge, the transverse distribution coefficient of outer slab girder is larger than other slab girders when a 
vehicle passes through the bridge. Therefore, to ensure structural safety, the transverse distribution coefficient of 
the outer slab girder under eccentric loading case was adopted to calculate the fatigue stress. Analysis result is 
shown in Table 1, it can be learned that hollow slab girder bridges with larger span have lower fatigue stress 
range and tend to suffer less fatigue damage. As for the longitudinal steel bar in the mid-span section, the stress 
level is relatively low since the maximum stress reaches just 12MPa. 
 
Concrete T-girder Bridge 
 
Considering the most disadvantage live loading case and different span length, the fatigue stress range of the T-
girder bridges with five T-girders in transverse direction were obtained. Simple supported and continuous 
concrete T-girder bridges with different span length and different span numbers are taken into considered. The 
span length for simple supported bridge is 20m, 25m, 30m, 35m and 40m, the span length for continuous bridge 
is 20m, 30m and 40m with 3 or 4 spans. For continuous girder bridge, the fatigue stress range of side span is 
higher than that of mid-spans, so fatigue stress range of steel bar in side span is calculated, and the results are 
shown in Table 2. For simple supported concrete T-girder bridges, fatigue stress level of 20m-span and 25m-
span girders are similar, the maximum fatigue stress is 23MPa. With the span length increase, the maximum 
stress tend to decrease, which indicates the simple supported T-girder bridge with larger span length tends to 
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suffer less fatigue damage under the same vehicle spectrum. As to continuous concrete T-girder bridges, fatigue 
stress level is obviously lower than simple supported bridge (Table 2(b)). Similar as simple supported bridges, 
continuous T-girder with larger span length tend to have lower fatigue stress and suffer less fatigue damage. 
However, the span numbers have little influence on the fatigue stress. Based on the calculation results, it 
indicates that shorter span T-girder bridges suffer more fatigue damage. 
 
Table 1 Fatigue stress spectrums of simple supported hollow slab girder bridges 
Stress range 
(MPa) 
Stress cycles for different spans 
10m 13m 16m 20m 
1 501 496 491 479 
2 134 119 118 116 
3 94 68 72 91 
4 222 232 234 220 
5 16 31 22 20 
6 11 12 12 4 
7 5 4 2 5 
8 6 6 8 17 
9 15 13 17 5 
10 7 10 8 14 
11 11 10 9 6 
12 9 8 6 5 
 
Table 2 Fatigue stress analysis of concrete T-girder bridges 
(a) Simple supported girder bridge (b) Continuous girder bridge 
Stress 
range 
(MPa) 
Stress cycles for different spans 
20m 25m 30m 35m 40m 
1 390 387 414 435 445 
2 96 93 76 103 112 
3 95 94 93 43 32 
4 22 22 18 35 91 
5 37 32 43 152 182 
6 128 125 169 108 29 
7 126 128 74 26 7 
8 19 24 18 6 2 
9 10 12 10 1 8 
10 5 2 3 4 12 
11 3 1 1 8 4 
12 1 1 4 10 9 
13 4 5 8 3 10 
14 6 9 9 9 3 
15 12 9 3 9 5 
16 2 2 5 2 1 
17 5 4 10 6 0 
18 10 11 6 2 0 
19 7 6 3 0 0 
20 2 2 4 0 0 
21 3 5 1 0 0 
22 2 0 1 0 0 
23 2 2 0 0 0 
 
Stress 
range 
(MPa) 
Stress cycles for different spans 
20m 30m 40m 
3-
span 
4-
span 
3-
span 
4-
span 
3-
span 
4-
span 
1 1413 1411 1398 1416 1436 1415 
2 125 112 124 113 105 105 
3 60 52 37 35 59 59 
4 49 40 45 45 227 227 
5 184 174 203 203 39 39 
6 80 93 56 56 5 5 
7 11 16 15 15 3 3 
8 7 6 3 3 13 13 
9 3 1 2 2 9 9 
10 2 2 6 6 11 11 
11 7 8 15 15 10 10 
12 14 13 2 2 6 6 
13 3 3 7 7 2 2 
14 10 10 12 12 0 0 
15 9 9 4 4 0 0 
16 3 3 5 5 0 0 
17 5 5 2 2 0 0 
18 2 1 0 0 0 0 
19 0 1 0 0 0 0 
 
 
Concrete Box-girder Bridge 
 
According to general usage status, concrete box-girder bridge with four box-girders in transverse direction is 
selected to analyze the fatigue stress. The span length for simple supported bridge is 10m, 13m, 16m and 20m, 
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the span length for continuous bridge is 20m, 30m and 40m with 3 or 4 spans. Similar to the hollow slab girder 
bridges and T-girder bridges, the transverse distribution coefficient of the outer box girder under eccentric 
loading case is adopted to calculate the fatigue stress. From the analysis result (Table 3), simple supported 
concrete box-girder bridge tends to suffer higher stress, but the maximum stress decreases with the span length 
increase. For continuous concrete box-girder bridge, the span numbers have little influence on the fatigue stress. 
 
Table 3 Fatigue stress analysis of s concrete box girder bridges 
(a) simple supported girder bridge (b) Continuous girder bridge 
Stress 
range 
(MPa) 
Stress cycles for different spans 
10m 13m 16m 20m 
1 462 461 469 472 
2 119 120 117 108 
3 37 38 45 76 
4 149 201 236 218 
5 140 84 39 29 
6 15 13 11 5 
7 7 2 2 6 
8 2 5 11 16 
9 6 12 12 5 
10 16 9 7 16 
11 4 12 13 4 
12 13 9 6 6 
13 8 5 3 1 
14 4 3 1 0 
15 3 1 0 0 
16 1 0 0 0 
 
Stress 
range 
(MPa) 
Stress cycles for different spans 
20m 30m 40m 
3-
span 
4-
span 
3-
span 
4-
span 
3-
span 
4-
span 
1 1467 1466 1444 1448 1468 1447 
2 122 120 109 110 99 100 
3 51 51 93 89 244 243 
4 225 220 210 212 54 56 
5 51 56 22 24 6 6 
6 12 12 4 3 10 9 
7 4 4 7 8 14 15 
8 5 4 16 16 15 15 
9 15 14 8 6 8 8 
10 6 8 13 15 6 6 
11 13 13 7 6 0 0 
12 9 8 3 4 0 0 
13 4 4 0 0 0 0 
14 3 4 0 0 0 0 
 
  
 
CASE STUDIES: FATIGUE SAFETY MONITORING AND ASSESSMENT FOR EXISTING 
CONCRETE GIRDER BRIDGES 
 
Concrete Hollow Slab Girder Bridge 
 
Miazui Bridge (Figure 3) is a typical prestressed concrete (PC) hollow slab girder bridge, which was open to 
traffic in 2015. The layout is 7×20m, the concrete deck is continuous while the slab girder is simple supported. 
The width of the bridge is 8.5m including 2 lanes in two directions, and the cross-section contains 6 slab girders 
with hinge joints connecting each other.  Based on the manual traffic monitoring result, there are many heavy 
trucks passing across the bridge, so dynamic strain monitoring is conducted continuously for several days. Strain 
gauges are mainly arranged on the bottom plate of the mid-span cross section.  
 
      
500 500
95
0
BS1 BS2 BS3 BS4 BS5 BS6BS1' BS2'
3750 3750
8500
1# 2# 3# 4# 5# 6#
 
 
Figure 3 Miaozui Bridge (Unit: mm) 
 
In order to assess the fatigue performance of hollow slab girder bridge, fatigue stress of longitudinal steel bar 
and prestress strand (Figure 4) are selected to analyze the fatigue stress under real traffic load. According to 
plane strain assumption, strain of longitudinal steel bar and most unfavorable wire is calculated. Since the steel 
bars and prestress steel tendons or strands in the lower position are subject to more fatigue damage, the lowest 
longitudinal steel bar and the lowest prestress steel wires or strands are selected to evaluate the fatigue life. S-N 
curve for longitudinal steel bar used in this paper is from European Convention for Constructional Steelwork 
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(ECCS 1985), S-N curve for prestress steel wires is proposed by Song (Song 2006), and S-N curve for prestress 
steel strand is suggested by Ma (Ma 2000). The diameter of longitudinal steel bar is 16mm, the yield strength is 
335MPa. In fatigue performance assessment based on fracture mechanics, fracture toughness ICK  is taken as 
50MPa m , fracture constants C , m  are taken as 132 10u and 4 , respectively. Threshold value of fatigue 
crack propagation thK' is 2.0MPa m , the initial crack depth is assumed as 0.5mm since no crack has been 
detected. 
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(a) Longitudinal steel bar                                   (b) Prestress strand layout 
 
Figure 4 Longitudinal steel bar and prestress strand layout layout (Unit: mm) 
 
Considering contributions of low stress ranges, fatigue life of the lowest steel bar in PC hollow slab girder 
bridge is 170002 years for girders under the heavy lane, and fatigue life of lowest prestress steel wire is 12883 
years (Table 4). Based on LEFM, fatigue life of the lowest steel bar in PC hollow slab girder bridge is 29082 
years for girders under the heavy lane, and fatigue life of lowest prestress steel wire is 13198 years. Since 
Miaozui Bridge was open to traffic only several months, the traffic volume is relatively small, fatigue life of 
longitudinal steel bar and most unfavorable prestress wire is far longer than design service life. But if fatigue 
crack occurs on concrete and corrosion occurs on the steel bar or the prestress wire, the fatigue life will decrease 
sharply. The fatigue life will also decrease if the traffic volume increases in the future.  
 
Table 4 Fatigue life evaluation of PC hollow slab girder bridges 
Object 
Fatigue life (Year) 
S-N Curve LEFM 
Steel bar 170002 29082 
Prestress steel wire 12883 13198 
 
Concrete T-girder Bridge 
 
Two typical prestressed concrete (PC) T-girder bridges, i.e., a simple-supported PC girder bridge and a 
continuous PC girder bridge are chosen to evaluate the fatigue life using different methods. The simple-
supported PC girder bridge shown in Figure 5(a) is a freeway bridge, which contains two separate parts 
composed of 12 T-girders with the total width of 26.2m. The continuous one was open to traffic in 2013, which 
is parallel to the old simple-supported PC girder bridge. As shown in Figure 5(b), the cross-section contains 8 T-
girders with the total width of 19.75m. The every span length of both bridges is all 30m. These two bridges are 
in the same district, the traffic volume and vehicle kinds are similar. 
 
To evaluate the fatigue life of the PC T-girder bridges, in-situ dynamic strain monitoring was conducted 
continuously over one month, and traffic volume was recorded manually. Figure 6(a) is the cross section of 
simple supported PC T-girder bridge, which is built in 1992. Carbon steel wires are used in prestress steel 
tendons, and every tendon contains 24 wires with 5mm in diameter. Longitudinal steel bar in the bottom part of 
T-girder is 20mm in diameter. Figure 6(b) is the cross section of continuous PC T-girder bridge, prestressing 
steel strands (9-7Ф5) and 20-diameter steel bars are used in T-girders.  
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(a) Simple supported PC T-girder bridge       (b) Continuous PC T-girder bridge 
Figure 5 The two PC T-girder bridges 
 
In order to considering contributions of corrosion and low stress ranges, fatigue categories of steel bars and 
prestress steel wires or strands are lowered to the 65% (Walker 1975). Considering contributions of low stress 
ranges, fatigue life of the lowest steel bar in simple supported PC girder bridge is 4421 and 9380 years for 
girders under the heavy lane and light lane, respectively; and fatigue life of lowest prestress steel wire is 1390 
and 1616 years. Fatigue life of lowest steel bar in continuous PC girder bridge is 145389 and 333211 years for 
girders under the heavy lane and light lane, respectively; and fatigue life of lowest prestress steel wire is 32100 
and 46751 years. Based on LEFM and the depth of initial cracks are assumed as 1.0mm considering the 
corrosion pit flaws, fatigue life of the lowest steel bar in simple supported PC girder bridge is 1094 and 1287 
years for girders under the heavy lane and light lane, respectively; and fatigue life of lowest prestress steel wire 
is 1734 and 2326 years. Fatigue life of lowest steel bar in continuous PC girder bridge is 29186 and 39763 years 
for girders under the heavy lane and light lane, respectively; and fatigue life of lowest prestress steel wire is 
24773 and 26661 years, as indicated in Table 5.  
 
                 
 
(a) Simple supported PC Girder                            (b) Continuous PC Girder 
Figure 6 Critical Steel Bar and Steel Wire in PC Girder Bridges 
 
Table 5 Fatigue Life Evaluation Results of PC Bridges 
Bridge Position Object 
Fatigue life (Year) 
S-N Curve LEFM 
Simple 
supported PC 
bridge 
Heavy Lane 
Prestress steel wire 1390 1734 
Steel bar 4421 1094 
Light Lane 
Prestress steel wire 1616 2326 
Steel bar 9380 1287 
Continuous PC 
bridge 
Heavy Lane 
Prestress steel wire 32100 24773 
Steel bar 145389 29186 
Light Lane 
Prestress steel wire 46751 26661 
Steel bar 333211 39763 
 
Steel bar
(Ф10)
Prestressing
steel tendon
Carbon steel wire
        24-Ф5
The lowest
steel wire
Prestressing
steel strand
Steel bar
(Ф20)
9-7Ф5
The lowest
steel strand
The lowest
steel wire
7Ф5
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From the two PC bridges evaluation results, it can be concluded that under the similar traffic load, the fatigue 
life of continuous PC girder bridge is longer than simple supported PC girder bridge. For PC girder bridges, 
fatigue life of steel bar and wire calculated by LEFM method or S-N Curve method is more large than the bridge 
design service life (100 years), but the fatigue life should be shortened sharply considering the overloading, 
concrete crack, corrosion fatigue and durability damage. 
 
Concrete Box-girder Bridge 
 
A separated interchange bridge (Figure 7(a))with box girder is selected to assess the fatigue performance, which 
was open to traffic in 2004. The span layout is 7×20m continuous PC box girder, the width of the bridge is 
12.5m with four box girders in transverse direction. Since there are many heavy trucks passing across this bridge, 
diseases like fatigue cracking, corrosion and deck damage occurred on the bridge. In order to ensure the 
structure safety, bridge owners adopted prestress carbon fiber reinforced plate (CFRP) and steel plate to 
strengthen the bridge. Continuous dynamic strain monitoring is carried out to assess the strengthening 
effectiveness and fatigue performance of bridge structure after strengthening. The diameter of longitudinal steel 
bar in the bottom plate is 20mm, the yield strength is 335MPa. Carbon steel wires are used in prestress steel 
tendons, and every tendon contains 28 wires with 5mm in diameter. Longitudinal steel bar and prestress strands 
layout are shown in Figure 7(b).  
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(a) Cross-section layout 
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 (b) Longitudinal steel bar and prestress strands layout 
Figure 7 Separated interchange bridge 
 
Considering contributions of low stress ranges, fatigue life of longitudinal steel bar in box girder is 1940 and 
11574 years for side girder and mid-girder, respectively (Table 6). Fatigue life of most unfavorable prestress 
steel wire is 106687 and 228219 years. Based on LEFM and the depth of initial cracks are assumed as 0.5mm 
considering the corrosion pit flaws, fatigue life of longitudinal steel bar in box girder is 5888 and 16185 years 
for side girder and mid-girder, respectively. Fatigue life of most unfavorable prestress steel wire is 4700 and 
12858 years. From the fatigue performance assessment results, it can be concluded that fatigue life of steel bar 
and wire calculated by LEFM method or S-N Curve method is more large than the bridge design service life 
(100 years) after strengthening.  
 
Yaoxian Bridge is a continuous PC box girder bridge open to traffic in 2006 (Figure 8(a)), which is an important 
bridge of provincial road 305 in Shaanxi Province. The span layout is 4×30m+4×30m, and the cross-section 
contains four girders in transverse direction. Since the bridge is near a coal mine, the vehicle load of the bridge 
is diverse, ranging from full-load trucks to small cars, which makes this bridge suffer great stress level. The 
diameter of longitudinal steel bar in the bottom plate is 16mm, the yield strength is 335MPa. The prestress 
strand used in the bridge is 4 j15.2) , the  yield strength is 1860MPa. Longitudinal steel bar and prestress 
strands layout are shown in Figure 8(b). In order to assess the fatigue performance of concrete box girder bridge, 
situ dynamic strain monitoring was conducted continuously for 21days. 
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Table 6 Fatigue life assessment of separated interchange bridge 
Girder number Position Object 
Fatigue life (Year) 
S-N Curve LEFM 
1 Side girder 
Steel bar 1940 5888 
Prestress steel wire 106687 4700 
2 Mid-girder 
Steel bar 11574 16185 
Prestress steel wire 228219 12858 
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(b) Longitudinal steel bar and prestress strands layout 
Figure 8 Yaoxian Bridge 
 
Longitudinal steel bar and most unfavorable prestress wire are selected to evaluate the fatigue performance, 
fatigue stress spectra can be calculated by plane strain assumption. Based on S-N curve method, low stress 
ranges are considered the contribution to fatigue damage. Fatigue life of longitudinal steel bar in PC box girder 
bridge is 1428 years, and fatigue life of most unfavorable wire is 12942 years (Table 7). Based on LEFM, 
fatigue life of longitudinal steel bar in PC box girder bridge is 578 years, and fatigue life of most unfavorable 
wire is 14023 years. Fatigue life of longitudinal steel bar and most unfavorable prestress wire is longer than 
design service life. But according to existing experience, if fatigue crack occurs on concrete and corrosion 
occurs on the steel bar or the prestress wire, the fatigue life will decrease sharply.  
 
Table 7 Fatigue life evaluation of Yaoxian Bridge 
Object 
Fatigue life (Year) 
S-N curve LEFM 
Steel bar 1428 578 
Prestress steel wire 12942 14023 
 
CONCLUSIONS 
 
Concrete bridges are prone to fatigue failure under the coupled actions of repeated vehicles loads, environment 
and material degradation. In recent years, the traffic volume and vehicle weights of highway bridges have been 
continuously increasing, so concrete bridge fatigue problem becomes more serious. Fatigue performance of 
typical concrete girder bridges with different cross-section and structure types are assessed, and several typical 
short and medium span concrete girder bridges are selected to conduct long-term service monitoring. Fatigue 
stress of concrete girder bridges will decrease with the span length increase, and the span number shows little 
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influence on the fatigue stress. Among three typical sections, fatigue stress of T-girder bridge is higher than 
hollow slab and box girder bridge. Structure type effect the fatigue performance very much, while continuous 
concrete bridge shows better fatigue performance than simple supported bridge. Based on the situ monitoring 
result, fatigue life of longitudinal steel bar and most unfavorable prestress steel wire is assessed by S-N curve 
and LEFM method. Fatigue lives of selected monitoring bridge are all longer than the design service life (100 
years). The assessment results are based on the present traffic volume and structure conditions, the fatigue life 
will decrease sharply if fatigue cracks or corrosion occurs. Since concrete girder bridges are easy to suffer 
material or structure diseases, fatigue safety problems need to be paid more attention in the future. 
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